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GOULD (1863) recounted that during his "two year's ramble in Australia", in 1838-40, his "attention was directed to the fauna of the dense and luxuriant brushes which stretch from the south-eastern coast, from Illawarra to Moreton Bay". He noted that it is "in the brushes which skirt the sea side of the mountain-ranges between the district of the Illawarra and the River Clarence that [the koala Phascolarctos cinereus] is most numerous". Gould also spent some time "among the cedar brushes of the mountain ranges of the interior, particularly those bordering the wellknown Liverpool Plains. In all these localities the koala is to be found, and although nowhere very abundant, a pair... may, if diligently sought for, be procured in every forest".
The cedar was, by the time of Gould's rambles, recognised as 'red gold' and exploited rapidly; the brushes, i.e. the rainforests, and the soils supporting this dense and luxuriant vegetation were cleared and farmed by the end of the nineteenth century. Populations of P. cinereus were lost from many localities throughout New South Wales (NSW) due to habitat clearance . The best remaining populations were found to be on the north coast, but even here small isolated populations are declining (e.g., Lunney et al. 2002) . The Gunnedah area on the Liverpool Plains is one of the few localities with increasing populations (Smith 1992) .
The Yengo/Parr reserve system is located on nonarable land west of the brushes which skirt the coast, and south-east of the Liverpool Plains. With the most fertile P. cinereus habitat of the valleys cleared and largely fragmented, it remains a major task to survey and manage what remains of the P. cinereus populations. Low-density P. cinereus populations, which have survived European settlement and extensive bushfires, are yet to be properly studied. High population densities of P. cinereus in some study areas of Victoria (e.g., Mitchell and Martin 1990) give little guide as to how to study these low density populations. Little work has been directed towards such populations, although the study by Melzer (1994) in central Queensland shows the effort 136 needed, as does recent work in Campbelltown by Ward and Close (1998) . In the Eden region in southeastern New South Wales there was a public argument from 1988 to 1990 as to whether P. cinereus existed in local State Forests, but an extensive literature search and community survey identified their presence Lunney et al. 1997) .
The aim of this study was to determine the distribution of P. cinereus of Yengo National Park (NP), and adjacent Parr State Recreation Area (SRA), and thus lay the foundations for fauna management programs and future detailed studies of P. cinereus in this major reserve system on the outskirts of Sydney. The work arose from the park manager's requirement to identify the threatened fauna of Yengo NP, which was dedicated in 1988 to conserve, among other values, the wildlife on the northern edge of Sydney. P. cinereus is a threatened species in NSW. This study in 1995 in the 188,690 ha Yengo/Parr reserve system was the first attempt in NSW to survey P. cinereus in a large national park where the existing information (12 records) suggested a sparse population. It presented an opportunity to utilise, then appraise, two distinct survey techniques: community-based survey and field survey. The assessment of this combined technique became the second aim of this study.
Community-based questionnaires have proven to be successful in P. cinereus surveys across the state, near the small town of Iluka on the north coast, in Port Stephens and in the Coffs Harbour local government areas, and across the Eden region in the south-east Lunney et al. 1996a Lunney et al. , 1997 Lunney et al. , 1998 Lunney et al. , 2000 , but their value in lightly populated areas had yet to be tested. Field-based surveys are successful in areas of good concentrations of P. cinereus, but the existing records of P. cinereus in Yengo NP, Parr SRA and the surrounding area suggested a very low-density population. Only 12 records, all obtained from the Bucketty and St Albans areas between 1978 to 1994, were taken from the Atlas of NSW Wildlife managed by the NSW National Parks and Wildlife Service (NPWS). This paucity of records was not a promising background on which to base a field survey, particularly as about half the area was burnt 15 months previously in the widespread fires of January 1994. Consequently, both approaches were adopted to maximize the chances of gleaning information about this sparse P. cinereus population. The contribution of the two different survey techniques to locating P. cinereus needed to be evaluated as a tool in managing low density populations because both methods are required for any NSW shire that prepares a comprehensive P. cinereus plan of management under State Environmental Planning Policy (SEPP) no 44, Koala Habitat Protection.
METHODS

Study Area
Yengo NP (150,569 ha) and Parr SRA (38,121 ha) are contiguous reserves located about 70 km north-west of Sydney in rugged sandstone country (Fig. 1) Sanders et al. (1988) and Bell et al. (1993) .
Survey methods
Two survey techniques were used. Firstly, a community survey requesting information about P. cinereus in the local area was distributed to residents. Secondly, a field survey based on searches for koala scats (i.e., faecal pellets) was undertaken.
Community survey
In February 1995 a community survey form asking for information about P. cinereus in the reserve system and surrounding areas was posted to all local residents. A total of 823 forms was distributed. The form, an A2 sheet, was folded to the size of a standard DL business letter. The survey, with a 'free post' return to encourage replies, included a covering letter, questions about P. cinereus, and A3 size maps on which residents were asked to mark the location of fauna they had seen. The survey questions and cover letter are shown in Fig. 2 . The map is not reproduced here because it is similar to the map presenting the results (Fig. 1) . Information about brush-tailed rockwallabies Petrogale penicillata, other native fauna and feral pests was also sought to expand the NPWS records and to increase the response rate to the survey. Respondents who had seen, or knew of someone who had seen, a P. cinereus were contacted by phone or in person to verify the sighting. Verified sightings at specific localities were recorded as Australian Map Grid (AMG) references. Sightings that were not specific to 
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a locality (such as along a road or creek) were not mapped.
Field survey
Field survey for koalas was carried out in areas less frequented by the general public to determine their distribution and whether they were associated with a particular vegetation type, species of tree or other environmental factor. The field survey was primarily based on P. cinereus scat searches. 
Survey sites
Sampling technique
Sampling was topographically stratified at each site. Six quadrats, each 20 m x 20 m, were searched: two on the ridgetop, two on the midslope, and two in the valley. Quadrats were selected ad hoc within the site and were approximately 50 m apart at each strata. Within each quadrat, the leaf litter was searched in a 50 cm radius around the base of the trunk of all nonrainforest trees with a diameter at breast height over bark (DBHOB) of greater than 10 cm. (Subsequent unpublished information indicated that Syncarpia glomulifera may profitably have been sampled.) In addition, ten 50 cm x 50 cm quadrats of leaf litter selected ad hoc under the canopy within each 20 m x 20 m quadrat were searched for scats. The canopy of each tree over the quadrat was also scanned for the presence of P. cinereus.
Vegetation classification
To determine whether there was a relationship between P. cinereus and vegetation communities, the vegetation in each 20 m x 20 m quadrat was characterised using the floristic categories in Sanders et al. (1988) and Bell et al. (1993) . Aspect at the midslope was also recorded for each quadrat. In addition, the canopy classification for each quadrat where P. cinereus scats were found was determined from the vegetation maps of Yengo NP and Parr SRA (Sanders et al. 1988) . Where Sanders' categories were inadequate (these are asterisked below), those of Bell et al. (1993) were adopted. The numbering system used is that of Sanders et al. (1988) and Bell et al. (1993) 
January 1994 fires
In the extensive bushfires in NSW during January 1994 over 60 % of the Yengo/Parr reserve system was burnt. Many of the scats found in the survey showed obvious charring from these fires. P. cinereus scats were classed as pre-or post-fire at sites that had been burnt. Further, classification of the age of unburnt scats as fresh, recent or old was carried out to determine if koalas were currently active. The definition of each scat-age class was: Fresh -brown scats covered in a shiny layer of mucus, smelling strongly of eucalyptus, and moist inside (< 1 week old); Recent -scats covered by a mucous coat, but shrunken, dried and not strongly smelling of eucalyptus; Old -scats no longer covered by a mucous coat but still identifiable as P. cinereus.
RESULTS
Community survey
There were 139 replies (17 % return) and P. cinereus sightings were reported in 36 of these. From these replies, 31 independent P. cinereus sightings were verified with 26 localities recorded. Further, interviews with four neighbours elicited nine P. cinereus sightings of which eight were locality records. As a result, 34 P. cinereus locality records from the community were entered onto the NPWS Atlas of NSW Wildlife. The records extended from c.1935 to 1995. Most (59 %) were recent (between 1990-1995) .
Follow-up interviews of the survey respondents found that P. cinereus reports were predominantly road-based. Female P. cinereus with young were observed in three instances: in 1992 in the Burralong Valley; in 1993 along Bicentennial Road and in 1994 along Watagan Creek Road. Records from the community survey were mostly on the edges of the reserve system where the residences occurred (Fig. 1) .
Few trees in which P. cinereus were sighted could be positively identified by residents. (1993) . The location of the site is given as Australian Map Grid (AMG) reference. Q1, quadrat 1; Q2 quadrat 2; K, quadrats in which P. cinereus scats were found.
Road in 1993 was in a grey gum (Eucalyptus punctata). A resident observed a P. cinereus in an
Acacia beside his house in 1994 and suggested that dogs had chased it up there. The koala seen at Pelican Bend in 1992 and 1994 had been disturbed by people and were in Ironbarks. Koalas were also observed in E. punctata along Bucketty Private Road 8.
The frequency of P. cinereus sightings (determined from question 2 of the survey form) was low: 38 % of respondents had seen a P. cinereus once; 32 % had never seen a P. cinereus but had heard of a sighting from a reliable witness; 29 % had seen P. cinereus occasionally; yet one respondent (3 %) from the Bucketty area had seen P. cinereus quarterly. These observations indicate that P. cinereus exist locally at a low density.
Field survey
Phascolarctos cinereus scats were found in all four trial sites, in 13 of the 22 sites sampled, and in a total of 25 quadrats (Table 1 ), yet only one P. cinereus was seen at the sites during the one month of field survey. Thus scat searches were more effective than searches for the animal within this survey design. Quadrats containing P. cinereus scats varied topographically: 52 % of quadrats with scats were on the midslope; 32 % were on the ridgetop and 16 % were in the valley. Since the decay of scats would be faster in the damp gullies and valleys than on the dry ridgetop and midslope, the proportion of scats in the valleys and gullies would therefore have been an underestimate of P. cinereus presence in these habitats. Analyses of P. cinereus presence on midslope sites on each aspect found no relationship.
Vegetation classification
Phascolarctos cinereus scats were found in a range of vegetation communities associated with 11 tree species. Of those tree species adequately sampled (n > 100), E. punctata was most frequently recorded with scats. Other trees under which scats were found included E. sparsifolia, E. gummifera, Angophora costata, A. bakeri, E. eximia, E. michaeliana, E. acmenoides, E. imitans and E. deanei (Table 2) .
Phascolarctos cinereus scats were found in five vegetation communities in Yengo NP and Parr SRA (Table 3) . P. cinereus scats occurred in 26 % of quadrats in the Exposed Hawkesbury Woodland, in the two quadrats sampled in Exposed Narrabeen Woodland, in 30 % of quadrats in the NarrabeenHawkesbury Sheltered Forests, in 10 % of quadrats in the Sheltered Forests on Richer Soils, and in 14 % of quadrats in the Narrabeen-Hawkesbury Ironbark Forest. These results are not sufficiently replicated to give a definitive relationship between P. cinereus and vegetation type but give a preliminary picture of the range of vegetation types utilised by P. cinereus in the reserve system. Two of these vegetation communities are present throughout most of the reserve system. The Exposed Hawkesbury Woodland community occurs throughout the park from the Drews Creek area in the north (where it is confined to the ridges), south to and including Parr SRA where it is found on the ridges, slopes and in the less sheltered gullies (Sanders et al. 1988 ). The Exposed NarrabeenHawkesbury Ironbark Forest community occurs mainly on the Narrabeen sandstones and is most abundant in the centre and northern sections of the park but it does occur throughout the park (Bell et al. 1993) .
January 1994 fires
Most sites were burnt in the 1994 fires. At five sites there were pre-fire but no post-fire scats, whereas at four sites there were both pre-and post-fire scats. Given the extent of the January 1994 fires (92,746 ha), and that much of the canopy was burnt, a high incidence of P. cinereus mortality is expected to have occurred. Sites 1, 9 and 14 had recent and/or fresh scats indicating that koalas were currently living in these burnt areas. At site 1, a female P. cinereus was located in the burnt area. Similarly, fresh scats were found at site 14, which had been severely burnt and showed much epicormic regrowth. The community survey was designed to be a comprehensive and productive tool in mapping the distribution of fauna across an entire landscape, including large natural areas such as Yengo NP, and is thus an economical and useful technique for planning and park management. The 139 responses to the community-based fauna survey in Yengo NP and Parr SRA represent 17 % of the residences in the area. This was a good response rate, reflecting a strong local awareness of fauna in a small community of people. Community surveys for P. cinereus in the Eden region, with its low density P. cinereus population, had a lower response rate (Lunney et al. 1997) , but there was a higher response rate in Iluka, a small town with a more conspicuous P. cinereus population (Lunney et al. 1996a) . The high number of P. cinereus locality records (34) that were verified from the survey increased the local knowledge base for P. cinereus four-fold.
The limitations of a community survey technique are that the results may be biased by a low response rate (although this was not a problem in this study), the distribution of people responding to the survey and the nature of the observations. The community survey results in Yengo-Parr were primarily roadbased koala records. Information more specific than whether the koala was on the ground/road or in a tree could rarely be obtained. The high return rate and the concentration of records in the south and east of the reserve system is taken to reflect the relative distribution of P. cinereus in this area.
Field survey covered a narrower scope in time and space but provided more definite information about P. cinereus habitat. As the most frequently recorded tree with P. cinereus scats, E. punctata would seem to be the preferred tree species in the area. This is consistent with P. cinereus preferences for the central coast of NSW. Hawkes (1978) considered it a 'staple browse' for P. cinereus in coastal areas from Illawarra northwards. In the outerSydney region, E. punctata was identified as a preferred species by P. cinereus in Muogamarra Nature Reserve (Robbins and Russell 1978) and in the Campbelltown area (Phillips and Callaghan 2000) . In a review of P. cinereus food trees conducted to determine P. cinereus management areas for NSW, Phillips (2000) identified E. punctata as the 'signature species' for the central coast. In this study, a range of vegetation communities was also found to be utilised by P. cinereus, although sampling was not sufficiently replicated to produce a definitive relationship between P. cinereus and vegetation type. However, an initial picture of the wide range of vegetation communities utilised by P. cinereus in Yengo NP and Parr SRA was produced.
Koalas living in severely burnt areas would have survived the fire in a nearby protected g ully or unburnt patch. Koalas from outside areas were likely to have been slow in immigrating because the burnt area was so large and the burnt bush would have been inhospitable in the immediate post-fire months. Moreover, nearby areas do not appear to contain other than low density populations and thus would be an infrequent source of immigrants. Uninjured P. cinereus post-fire would have had a good chance of survival because burnt trees put increased energy into growth and less into defences, thus making the leaves more palatable to P. cinereus (S.J. Cork, pers. comm. 1995) .
The relatively slow-weathering properties of P. cinereus scats under the dry conditions prevailing both prior to and during this study allowed us to identify areas that had supported P. cinereus before the January 1994 fires as well as P. cinereus localities 15 months later. This information was obtained as a result of the scat-based search method. The community-based survey also demonstrated that P. cinereus survived the widespread fires of January 1994.
Local involvement improves community relations and increases community understanding of fauna issues in the area. Yengo NP is unusual in that there are areas of freehold land within the reserve. It is essential that the NPWS maintains good relations with these neighbours to prevent unnecessary loss of P. cinereus habitat through clearing and burning. The survey results were posted to the local community on 29 May 1995 as a fact sheet, and included a note from the ranger in charge of the reserve system which stated that the survey was a "resounding success" and encouraged further contact between residents and the local office of the NPWS.
The complementary value of the two survey techniques was aided by the sequence in which they were carried out. The community survey preceded the field survey, providing a large number of records on which to base the field survey. To complement the community survey records, which were mostly on the reserve borders where people were concentrated, the field survey was undertaken within the reserve in areas less frequented by the public. Singly, neither method could have provided all the information obtained in the study. Combined, the results indicate that koalas are widely distributed but low in number in the Yengo reserve system. Low P. cinereus numbers reflect both the recent fires and the low fertility of the soils in the steep ridge country where they are found. Cork et al. (1990) link low soil fertility to low foliage nutritional value. As a result, P. cinereus in the study area would only occur at low densities. The eastern, southern and central parts of Yengo NP and Parr SRA have been found to support a small but widespread breeding population of P. cinereus which extends across into the State Forests of the Watagan Mountains to the east of the park. The extent of the P. cinereus distribution in the west and north of the Park needs to be determined through further survey.
This survey effort in the Yengo reserve system has yielded the first picture of the distribution and habitat preferences of this P. cinereus population. The foundations have now been laid for a more cogent P. cinereus management strategy for this reserve system, as well as a detailed study of a low density population of P. cinereus in these magnificent protected forests so close to Sydney.
